ABSTRACT. Dementia is a major cause of dependency and disability among older persons, and imposes huge economic burdens. Only a few cost-of-illness studies for dementia have been carried out in middle and low-income countries. Objective: The aim of this study was to analyze costs of dementia in demented patients of a private clinic in Lima, Peru. Methods. We performed a retrospective, cohort, 3-month study by extracting information from medical records of demented patients to assess the use of both healthcare and non-healthcare resources. The total costs of the disease were broken down into direct (medical and social care costs) and indirect costs (informal care costs). Results. In 136 outpatients, we observed that while half of non-demented patients had total care costs of less than US$ 23 over three months, demented patients had costs of US$ 1500 or over (and more than US$ 1860 for frontotemporal dementia). In our study, the monthly cost of a demented patient (US$ 570) was 2.5 times higher than the minimum wage (legal minimum monthly wage in Peru for 2011: US$ 222.22). Conclusion. Dementia constitutes a socioeconomic problem even in developing countries, since patients involve high healthcare and non-healthcare costs, with the costs being especially high for the patient's family. Key words: dementia, costs and cost analysis, cost of illness, health care costs, health expenditures.
INTRODUCTION
T he global prevalence of dementia for 2010 was estimated at 8.5% in the elderly aged 60 and over in Latin America (LA). 1 According to projections, LA will experience a particularly rapid increase in prevalence rates in the coming years. 1 In the Andean region alone, an estimated 250,000 people were living with dementia. 1 We previously reported a prevalence of dementia of 6.85% among elderly aged 65 years or older from Lima's urban community, 2 thus a total of thirty thousand persons with dementia could be expected in Lima province alone.
Dementia is one of the major causes of dependency and disability among older persons, 3 and represents a substantial health 4 and economic 5 burden. Dementia is devastating not only for individuals who have it, but also for their families and caregivers. 1 The huge cost of the disease will pose a challenge to health systems in dealing with the predicted future increase in prevalence. Costs are estimated at US$ 604 billion per year at present and are set to increase even more quickly than prevalence. 5 There is a growing body of evidence on the global economic cost related to dementia. The consensus is that dementia is already imposing huge economic burdens. 1 However, to date, most cost-of-illness studies for dementia have been carried out in high-income countries. [6] [7] [8] [9] [10] [11] [12] Evidence is also emerging in middle and lowincome countries (MLIC), [13] [14] [15] [16] [17] but as yet data remains sparse, particularly in the LA region.
A clearer understanding of the costs of dementia, and how these impact families, governments and their health and social care systems, is fundamental for raising awareness, achieving proper prioritization, and focusing efforts toward improving the lives of people with dementia and of their caregivers.
The aim of this cost-of-illness study was to analyze total, direct and indirect costs of dementia in a population of demented patients from a private clinic in Lima, Peru.
METHODS
Study design. A retrospective, cohort, 3-month study was carried out during the period spanning from January 2012 to April 2013 in demented outpatients of the International Clinic in Lima, Peru.
The construction of this cohort was possible owing to the use of a dementia protocol ensuring a standardized approach for managing demented outpatients in our clinic. Based on this protocol, the evolution of the disease was assessed at definitive diagnosis and again three months later, with an additional visit whenever necessary for adjustments to patient's therapy. These evaluations included routine evaluation of both patients and their caregivers (i.e. people providing the patient with hours of care and helping them with activities of daily living). Overall evaluations are detailed in the Procedures section.
Setting and population. The International Clinic is a private, secondary health care center in the city of Lima, capital of Peru. The clinic is located in the central region of the city, a strategic location for arrival of patients from any area of Lima. Given the catchment area, the majority of patients came from middle income areas [ Figure 1 ].
Procedures
Clinical measurement scales. The following functional measurement scales were applied: [1] Care services utilization. An assessment was carried out on the use of both healthcare and non-healthcare resources (i.e. caregiver services). This was performed by extracting information from medical records. The information about non-health resources was obtained by interviewing the patient's caregiver, and this information was appended to the patient's medical record. Costs of dementia. The costs of dementia are the value of all goods and services that are given up to prevent, diagnose, treat and otherwise cope with dementia. The total costs of the disease were broken down into direct and indirect costs. 16 These costs are based on the value of resources used and resources lost, respectively. 5 Direct costs refer to money used in an explicit way (explicitly exchanged) on drugs, hospitals, and a variety of medical or social services, 16 differentiating medical from social care costs. While direct medical costs encompass the medical care system (such as costs of hospital care, drugs and visits to clinics), direct social costs arise from formal services provided outside of the medical care system (such as home care, food supply, transport, and residential or nursing home care). 5 On other hand, indirect costs generally refer to productivity losses associated with the illness. Because these costs arise from impaired productivity (while working, sick leave, early retirement, or death) this type of indirect cost is generally less relevant in the context of dementia, where most patients are elderly (who are retired in most cases ). An additional component of these costs is the informal care costs, which arise from the unpaid inputs of family caregivers, friends and others. 5 This concept refers to money used in an implicit way as loss of income by the patient and/or loss or reduction of income by family members or caregivers, namely hours without monetary reimbursement that informal caregiver spend with patients. 16 Selection of patients. Eligible patients were subjects over 60 years old, with a diagnosis of dementia according to DSM-IV-TR 25 and based on the neurologic and neuropsychological assessment. Those patients with limited functional independence and without a reliable and consistent caregiver were excluded. For the "control" group (non-demented subjects), relatives of dementia patients who had no dementia symptoms and completed the protocol with negative results for dementia diagnosis were recruited.
Dementia subtypes were defined according to internationally accepted criteria: [1] NINCDS-ADRDA criteria 26 for probable dementia of Alzheimer-type; [2] Lund and Manchester criteria 27 for frontotemporal dementia; and [3] NINDS AIREN criteria for probable vascular dementia. 28 Data collection. Data were collected through a report form designed for this study, and extracted from medical records. The following data were collected: [1] Care services data. This data group included information regarding utilization of healthcare and non-healthcare resources, collected by extracting information from medical records.
Cost estimation. The time horizon of the study was three months, and 2013 prices were used for cost calculations. Overall costs were calculated by multiplying unit cost by resources consumption during the 3-month follow-up. The costs per person were separated according to resource consumption: diagnosis or management of dementia. Cost per patient due to dementia management, both overall and per component, was calculated using the total three-monthly costs as following:
The replacement cost approach was used to estimate indirect costs, based on the legal minimum monthly wage in Peru for 2011 (US$ 222.22). This proxy was used only for informal caregivers aged 15 to 64 years old (i.e. economically active population, EAP). For projection purposes, only costs of managing dementia were used for calculating (thus, costs of diagnosing dementia were excluded) Total Variable Costs.
To allow comparisons between countries, costs were expressed as US dollars, converted from local currencies based on exchange rates during study execution (average exchange rate in 2013 was 1 US dollar = 2.7 Peruvian "nuevo sol").
Data analysis.
Descriptive statistics were applied to all variables, including measures of frequency distribution for qualitative variables, as well as central tendency (mean or median) and of statistical variability (standard deviation or minimum and maximum values) for quantitative variables. The Kolmogorov-Smirnov test was applied to test normality assumption of variables.
Differences among dementia subtypes were estimated using ANOVA (for Gaussian data) and Kruskal-Wallis (for non-Gaussian data) tests for quantitative variables. Post-hoc Bonferroni tests and post-hoc Mann-Whitney tests were used as appropriate. Qualitative variables were evaluated using the Chi square test (c 2 -test). The factors assessed (characteristics of patient and caregiver) were used for multivariate analysis through a linear regression model using "total variable costs over three months" as the dependent variable for the explanatory analysis. Because the costs variable shows a skewed right distribution, estimation was also done with its natural log (log-transformed variable total costs). This analysis was also applied to dementia subtypes. The stepwise selection method was employed (backward hierarchical selection) to identify the best model, using 0.20 as the significance level for removal from the model. This analysis was carried out with an exploratory purpose, using adjusted R squared to estimate the predictive power of the statistics models selected.
In all analyses, p<0.05 was considered significant. Results were treated using the statistical software package STATA, version 12.0 (StataCorp LP College Station, TX, USA).
Ethics statement. Written informed consent was obtained from participants (or their relative in the case of dependent patients) and their clinical records were used for this study. The information on patients was anonymized and de-identified prior to analysis. The study protocol was approved by the local research ethics committee of the Universidad San Martín de Porres of Lima, Peru.
RESULTS
In the present study, clinical records were collected from 136 outpatients with complete data. All selected patient with dementia had at least one caregiver. The unit costs are shown in Table 1 .
Demographic and clinical characteristics of patients. Regarding patients' demographic and clinical variables, a significantly higher age was noted in patients with Alzheimer's dementia and also more years of education in patients with vascular dementia relative to other patients. However, patients with Alzheimer's dementia showed a significantly higher CDR with respect to patients with vascular dementia (Table 2) .
Patients with vascular dementia and frontotemporal dementia patients had the lowest and highest MMSE scores, respectively. An inverse pattern was observed when assessing the NPI and BDI scales, where patients with Alzheimer's dementia had average values for these Table 1 . List of unit costs of health products or services according to healthcare delivery system at the Clinic "Internacional" in Lima, Peru. scales. All these differences were statistically significant. However, patients with vascular dementia showed significantly better PFAQ scores than patients with Alzheimer's dementia. No significant differences in sex or caregiver characteristics were observed (Table 2) .
Expenditure
Resource consumption. A significantly higher proportion of use of magnetic resonance was found for diagnosis of frontotemporal dementia with respect to other dementia subtypes. All dementia subtypes were associated with a significantly higher number of medical visits compared to control patients. A significantly higher proportion of patients with Alzheimer's dementia needed anti-dementia drugs for symptoms control relative to other dementia subtypes, unlike the consumption pattern of anti-psychotic drugs observed. No significant differences in the consumption of non-healthcare resources were observed (Table 3) .
Costs by dementia subtype. While half of non-demented patients had total variable costs of healthcare and nonhealthcare of less than US$ 23 over three months, costs for patients with dementia were US$ 1500 or over, and more than US$ 1860 for frontotemporal dementia patients in the three-month period (Table 4) . A significantly higher cost was observed for diagnosis of frontotemporal dementia than for the other dementia subtypes. All dementia subtypes had significantly higher costs of medical visits and hospitalizations with respect to non-demented patients. Significantly higher costs of anti-dementia drug and anti-psychotic drug consumption were noted among patients with Alzheimer's dementia and with frontotemporal dementia, respectively, as compared to the other dementia subtypes. Regarding healthcare costs, patients with frontotemporal dementia had significantly higher costs and patients with vascular dementia significantly lower costs (Table 4) .
No significant differences in non-healthcare costs were observed between dementia subtypes. Total costs were significantly higher in patients with dementia. Frontotemporal dementia was associated with higher total variable costs relative to both vascular dementia and Alzheimer's dementia (Table 4) .
Factors associated with costs of dementia. Applying the backward hierarchical selection method revealed that the best model to explain total costs of dementia in demented patients overall included the following variables: dementia subtype, CDR and caregiver age. Also, the multivariate analysis showed that these variables were not significant for all dementia subtypes. Only CDR and caregiver age were associated with significantly higher costs in patients with Alzheimer's dementia and patients with vascular dementia. In patients with frontotemporal dementia, only hired caregiver was statistically associated with higher total variable costs ( Table 5) .
The predictive ability of these models is variable.
However, the selected model explains 60% of the total variable cost variance in patients with Alzheimer's dementia (Table 5) .
DISCUSSION
This study has shown that demented patients had much higher total healthcare and non-healthcare costs than non-demented elderly. More than half of patients with frontotemporal dementia, Alzheimer's dementia, and vascular dementia, had costs of over US$ 1800, US$ 1400, and US$ 1200, respectively, during the first threemonth after diagnosis. The average total monthly cost per patient with dementia during the study period was approximately US$ 570/month (US$ 6844 per year), primarily due to an elevated consumption of healthcare resources including the use of antidementia and antipsychotic drugs, an amount representing more than 2.5 times the legal minimum monthly wage in Peru for 2011. Thus, our results are in line with those previously reported in the literature. 10, 15, 16 On the other hand, these costs are much lower than those seen in other countries because costs tend to be lower in developing countries, both per person and societally. This occurs because, in these regions, there is much greater reliance on unpaid informal care provided by family and others. 5 In the present study, total costs of dementia were significantly associated with dementia subtype, CDR and caregiver age, independently of patient age, sex or years of education. Level of clinical deterioration, as evaluated with the CDR scale, was associated with a significantly higher cost for the disease, similar to that observed in other studies [29] [30] [31] [32] which used the Blessed Dementia Rating Scale. Thus, the total cost of the disease appears to be better explained by the greater use of both healthcare and non-healthcare resources, that may be associated with patient severity, as directly measured by the CDR scale, and indirectly by the greater need for care (leading to hiring of a caregiver). It is possible that caregiver age serves as an indicator of indirect costs owing to loss or reduction of income by family members of working age (economically active population).
The factors identified by this study differ to those of the study by Rojas et al. 15 The cited study found CDR values to be associated with higher total cost only in patients with frontotemporal dementia. Moreover, only BDI and instrumental activities of daily living (IADL) values proved statistically associated with total costs of dementia. 15 Since the IADL scale was not used in the present study, it was not possible to explore this association. However, no differences in PFAQ values were found.
Previous studies had not explored the utility of explanatory models by dementia subtypes, and the potentially predictive power in patients with Alzheimer's dementia (most frequent dementia subtype) is considerable. Additionally, we noted that non-healthcare costs did not differ statistically between dementia subtypes. Thus, healthcare costs are critical in the total costs of the disease. A higher rate of requests for magnetic resonance inpatients with frontotemporal dementia could be associated with greater requirements for establishing an accurate diagnosis. 33 The costs of drugs appear to be the main resource in healthcare costs. Antidementia drug consumption was highest in patients with Alzheimer's dementia, in accordance with guideline recommendations. 34 Support for their use in patients with frontotemporal dementia 35 or vascular dementia 36 is limited. By contrast, antipsychotic drug consumption was highest in patients with frontotemporal dementia, corroborating previous studies. 37.38 The degenerative dementias (i.e. Alzheimer's dementia and frontotemporal dementia) appear to be more expensive than vascular dementia. Our results are similar to those previously reported by Rojas et al. 15 The cost of antidementia drugs in Peru is very high and the monthly cost of standard treatment exceeds the legal minimum monthly wage for 2013 (222.22 US dollars).
Our study did not consider the drugs or medical services for other medical conditions (such as chronic noncommunicable diseases) that have a high prevalence in this age group, especially in patients with vascular risk factors or vascular dementia that require medication on a chronic basis. In the present study, no significant influence of other characteristics of the patient (age, sex, years of education, disease evolution, MMSE, PFAQ, NPI and BDI values) or of the primary caregiver (years of education and ZBI values) on total costs of disease was found. Therefore, according to the data, the total cost of dementia does not depend on these variables. Increased disease evolution time can be expected to be accompanied by, as the patient's situation worsens, a greater need for the participation of professional and paid caregivers, further increasing the total cost of the disease. However, given that only the CDR scale showed a significant difference on univariate analysis, it is noteworthy that in terms of evaluation scales, the CDR may serve as an overall indicator of other scales applied in demented patients.
Some studies in LA have found similar cost patterns for dementia, showing that indirect costs constitute the largest proportion of expenditure and almost all cost-of-illness is funded by the patient's own family. 10, 16 While in Spain the monthly overall mean cost of AD (US$ 1760.78) was almost three times the minimum wage -MW (average MW for 2003-2006: US$ 612.92), in Argentina (average MW for 2002-2008: US$ 163.62) monthly cost (US$ 644.67) were almost four times the MW. In Peru, the monthly cost of a demented patient (US$ 570) was only 2.5 times the MW. Thus, social costs appear to be even greater in developed countries. Although our study did not further evaluate indirect costs, it highlighted an interesting social phenomenon: a substantial proportion of caregivers of working age, which constitutes a social problem.
The estimated annual worldwide cost to society of dementia (costs of dementia) of US$ 604 billion in 2010, highlights the enormous impact that dementia has on socioeconomic conditions worldwide. 1 Costs of informal care and the direct costs of social care represent similar proportions (42%) of total costs worldwide, while direct medical care costs are much lower (16%). 5 However, our study found that almost 90% of total expenditure was dedicated to direct medical care costs. Thus, future prospective research should appropriately measure the resources associated with informal costs in demented patients and their families.
Some limitations of the present study should be highlighted: [1] the sample size is low and the sample design used is not representative (precluding inference); [2] with the selected population (outpatients living at home), it was not possible to obtain any information about institutionalized patients; [3] information bias is possible since retrospective data was used; [4] there may be other demographic (marital status, presence of cohabitants, income, living arrangements), clinical (existence of comorbidities) and caregiver (caregiver living with the patient or otherwise, time spent on care, and time spent on supervision) variables not considered in this study, as well as variables for adequately assessing the non-healthcare resources (inventory materials, swabs and dressing materials, housing structural adaptation etc.) and costs; and [5] this study was a cohort that only covered 3 months of follow-up, precluding assessment of the dynamics of resource utilization over periods of one year or longer. We sought to estimate resources minimally expected for a period of one year using the information from one trimester Nevertheless, we conducted a study with analytical purposes (not inferential), which constitutes the first publication reporting the factors associated with costs of dementia in a Peruvian elderly population, specifically in outpatients living at home in Lima. This study begins a line of research to be continued by prospective studies assessing costs of dementia (overall and by subtype).
In conclusion, this study found that type of health system coverage, CDR value, and hired caregiver in demented community-dwelling outpatients were associated with total costs of the disease, which proved far higher than in non-demented elderly. Thus, dementia constitutes a socioeconomic problem even in developing countries since patients involve high healthcare and non-healthcare costs, with these costs being especially great for the patient's family.
The seeking of medical help is relatively unusual in low and middle income countries, where dementia is often viewed as a normal part of ageing. Demand for medical care is likely to increase in the future, with improved awareness, posing a challenge for governments to respond to the substantial growing numbers of people with dementia. A broad public health approach is needed to improve the care and quality of life of people with dementia and their family caregivers.
